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A GENEFMLCOWU3LMXIOI’JOF~ PRCll?liXSDOW!JS’IHMM

OFAHl?ATEPAIRJETDIRECTEDl?EWENDICUIJ!lLY

TOANAIRSTREAM “

ByEdmundE. CallaghanandRobertS.Ruggeri

An experimentalinvestigationwasconductedto determinethetem-
peratureprofiledownstreamofa heated-airjetdirectedperpendicularly
toanairstream.Theprofilesweredeterminedat severalpositions
downstreamofthe~etasfunctionsofjetdensity,jetvelocity,free-
streamdensity,free-streamvelocity,jettemperature,andorificeflow
coefficient.

A methodispresentedwhichyieldsa goodappro-tion ofthetem-
peratureprofileintermsofdimensionlessparametersoftheflowand
geometricconditions.

INTRODUCTION

Theheatingofanairstreamby meansofanairjetdirectedper-
pendicularlytotheairstreamisreportedinreferences1 and2. These
investigationswereconductedto determinethepenetrationofa jetinto
theairstreamatvariousdownstreampositionsasa functionofthejet
andstream-flowconditionssndofthesizeandshapeoftheorifices
fromwhichthejetissued.Thepracticalapplicationof sucha heating
systemreqdresa lmowledgeofthetemperatureprofileatanypoint
downstreamofthemificeaswellasthepenetrationofthejetinto
theairstream.

An investigationwasthereforeconductedina 2-by 20-inchtunnel
attheNACALewislaboratoryto determinethetemperatureprofileh
theplaneofa jetat severalpositionsdownstreamofa jetdirected
perpendicularlyto anairstream.Fourheatedairjetswereinvesti-
gatedfora rangeoffree-streamvelocities,jettotaltemperatures,
andjettotalpressures.
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Theorificesusedintheinvestigationwerecircularthin-plate
orificeswithdiametersof0.250,0.385,0.500,and0.625inch.Each
orificewasinvestigatedovera rangeofpressureratios(ratioofjet
totalpressureto outletstaticpressure)froml.20to 3.70forjet
totaltemperaturesofappro~tely 200°,300°,and400°F atfree-
streamvelocitiesof1“60,275,and390feetpersecond.Airforthe
jetswasobtainedbypassinghigh-pressureairthroughanelectric
heaterandintoa plenumchauiber,theupperwsd2ofwhichcontainedthe
orificesas showninfigure1.

Thetemperatureprofilesweremeasuredatthreepositionsdown-
streamoftheorificecenterMne by meansofthermocouplerskes.A
rakeconsistingof22thermocoupleprobesspaced0.500inchapartwas
Permanentlymountedattherearmostposition(20.31in.)downstreamof
theorificecenterline.A moveablerakeconsistingof 33thermocouple
probesspaced0.250inchapartwasusedtomeasurethetemperaturepro-
filesat stations4.81and31.81inchesdownstreamoftheorificecenter
line.

Thetunnelhoundarylayerwasremovedbysuctionupstreamofthe
orificetominimizetunnel-walJ_boundary-layereffects.(Seefig.1.)

SYM60LS
Thefollowingsynibolsareusedinthisreport:

a,b exponentsfcmmrrelatingXl

d,e,f exponentsforcorrelatingX2

c flowcoefficient,@nsionless

Dj diameteroforifice,inches...

2 depthofjetpenetrationintoairstreamas definedin
reference1, inches

ML slopeof
perW

% slopeof
perOF

s distsnce
tance,

lowerportionoftemperate

upperportionoftemperature

downstreamoforificecenter
inches

profilecurve,inches

profilecurve,inches

lineormixingdis-

rJ
ml
N

.
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..

— —



NACATN 2466

1%
N
P

Tj

To

AT

ATm
—

Vj

v(-)

w

x
xl

X2

eL

eu
Pj

IJo

Pj

Po

% ...q4

The
indicate
termsof

totaltemperature

totaltemperature

total-temperature
measuredatany
%

ofjet,%

offreestresm,%

riseabovefree-streamtotsJtemperature
pointX forgiventemperatureprofile,

maximumtotal-temperatureriseabovefree-stresmtotaltem-
perature,%

velocity

velocity

widthof
center

distance

depthof

ofjetatvenacontracta,feetpersecond

offreestream,feetpersecond

jetboundaryatsaypointdownstreamof orifice
line,inches

normalto surfaceofmodel,inches

jetpenetrationintoairstresmas determinedby
intersectionoflineof slope~ withvsd.ueof AT = 0,
inches

value-of X asdeterminedby theintersectionoflineof
slope~ withvalueof AT =ATm, inches

arctanof ML

arctanof~

viscosityof

viscosityof

massdensity

IIESS density

jetatvenacontracta,slugsperfoot-second

freestream,slugsperfoot-second

ofjetatvenacontracta,slugspercubicfoot

offreestrewn,slugsper~ic foot

correl.ationpsmmeters

MlZ!1330DOFANALYSIS

thnensionalanalysisandexperimentalresultsofreference1
thatthepenetrationcoefficientZ/Dj canbe correlatedin
thejetJieynoldsnuniberpjVjDj/Vj,theviscosityratio

vj/1-bthedensity”ratio Pj/P(y-the-veiocityratio Vj/Vo,the

—- —
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mixingdistanceto diameterratio s/D3) anda widthcoefficient
w/D~. Althoughtheparametersareinmostcasesselfexplanatory,the
widthcoefficientcanhavetwosignificantlydifferentmeanings.Ifthe
jetis confinedby thetunnelwalls(asinreference1 andinthis
report),thewidthcoefficientisa functionofthetunneldimensions.
Ifthejetisunconfined,thewidthcoefficientdependsontheactual
jetwidthatthepointofinterestandisindependentofthetunnel
dimensions.A discussionoftheproperuseofthewidthcoefficientis
presentedinthesection“lZ@rapolationofResultstoWiderRangeof
Variables.”

Theresultsofreference2 showthatthesmalleffectofjetRey-
noldsnuniberiseliminatediftheactualorificediameterD isJ
replacedbytheeffectiveorificediameter[CDj. Intheanalysisdata,
itis sometimesmoredesirabletousetheratio sl{~j ratherthan
s/Dj. Inorderto differentiatebetweenthem, s/D3 isdefinedasthe

mixinndistanceto diameterratioand slr~j astheratioofthemix-
ingdistanceto effectivediameter.

Thepurposeoftheanalysis
bywhichthetemperatureprofile
perpendicularlytoanairstream
andgeometryareknown.

Inan over-allstudyofthe
acteristicsoftheprofilesthat
relatingthedatawereobserved.

presentedheretiwasto obfaina method
downstreamofa heated-airjetdirected
maybe predictediftheflowparameters

proffledata,certainconsistentchar-
suggesteda simplifiedmeansfw cw-
Thesecharacteristicswerenotedin

thestudyoftheprofilesat jet-pressureratiosgreaterthanchoking
fw a particularorificetismetw,rakeposition,free-streamvqlocity,
andjettotaltemperature.A setoftypicalprofilesisshowninfig-
ure2(a).It isevidentfromthefigurethattheprofilessrequite
shdlar,theupperandlowerportionsconsistingofapproximatelylinear
segmentsthatremainp~allelforthevaluesofjet-pressureratio
shown.Fora particularvalueoforificediameter,rakeposition,free-
streamvelocity,andjettotaltemperature,themaximum-temperaturerise
decreasedslightl.ywithdecreasingjet-pressureratio.A studyofthe
profilesforotherdkneters,rskestations,andfree-streamvelocities
showedthesamecharacteristicsforjet-pressureratios~eaterthan
1.87. Itwasthereforedecidedtoapproximatetheprofileswiththree
straightlinesas showninfigure2(b);andbecausetheupperandlower
slopesofthetemperatureprofilesareindependentofpressureratiofor
valuesgreaterthanchoking,theanalysiswaslimitedto jet-pressure
ratios~eaterthan1.87.

Theheightofintersectionoftheupperslope(fig.2(b))withthe
free-streamtemperature
Thisdefinitiondiffers

is definedasthedepth~fpenetrationXl.
fromthatinreference1 whereinthedepthof

●
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penetration2 wasdefinedasthepointatwhichthetemperaturepro-
filereturnsto 1°abovethefree-streamtotaltemperature.As a con-
sequence,thepenetrationas definedinreference1 iss~ghtlygreater
thanthatpresentedinthisreport.Theheightofintersectionofthe
lowerslopewiththermximumtemperatureriseis definedas X2) the
maximumtemperaturerise ~ andtheslopesoftheupperandlower
portionoftheprofilecurve~ and ML, respectively.

Thedepthofpenetrationmaybe correlatedintermsofthedimen-
sionlesspenetrationcoefficientandtheparameterspreviouslystated.
Theslopesandthemadmm temperaturerisemaybe correlatedby similar
meansprovidedthattheyareexpressedinithnensionlessform. This
correlationrequirestheintroductionofa temperatureintothedimen-
sionalanalysisasanothervariable.Becauseboththeslopeandthe
temperaturerisearebasedontemperaturedifferences,a temperaturedif-
ferencewouldapparentlybestfulfillthisrequirement.Theonlytem-
peraturesinvolvedintheinvestigationarethestreamtemperatureud
thejettemperature;thereforethetemperatureclifferenceTJ-TO was
includedastheadditionalvariable.Theuseofthistemperaturedif-
ferenceresultsinslopecoefficientsML(Tj-To)/Djand ~(’I’j-!l!O)/Dj
anda temperaturerisecoefficient@( Tj-To),whicharefunctions
ofthesamedimensionlessparametersasthepenetrationcoefficient.

Theprocednreforcorrelationusedinthisinvestigationissimilar
tothatpreviouslydescribedinreferences1 and2. Theparametersand
theflowcoefficientswerecalculatedlythemethodpresentedinrefer-
ence3. Thecorrelationofdataby meansofparametersobtainedfroma
dimensionalanalysisusuallyrequiresthatsllbutoneoftheparameters
be heldconstant,andby thismeanstheeffectofitsvariationona
coefficientmaybe studied.

_TS ANDDISCUSSION

CorrelationofPenetrationCoefficientX1/~~j with

DimensionlessParameters

ThevariationofthepenetrationcoefficientX1/@Dj withdensity
ratiowasinvestigatedfora singleorificeMameter,rakeposition,
free-tireamvelocity,andjettotaltemperature.Becausethejetpres-
sureratiowasalwaysgreaterthanthechokingvalueandthejettotal
temperaturewasheldconstant,thejetvelocityremainedconstant.All
Pammeters,bothflowandgeometric,werethereforeinvariablewiththe
exceptionofthedensityratio.
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Thevariationofpenetrationcoefficientwithdensityratioforthe
0.385-inch-diameterm?ificeatthe4.81-inchrakepositionis shownin
figure3 fcma jettotaltemperatureof860°R andthreevelocityratios.
Therelationofthepenetrationcoefficienttothedensityratiomaybe
determinedandalgebraicallyexpressedbya methodsimilartothatused
inreference1 asfollows:

(1)

where~ isa @own constantdependentonthevelocityratio.The.
variationof V1 withvelocityratioisthenplottedas showninfig-
ure4,andagainthealgebraicrelationisdetermined.Forthesedata ‘
~1 caubeexpressedas

0.64()5%=%V. (2).

Thepenetrationcoefficientcanthereforebe linearlycorrehted
attheparticubrvalueofz%kestation,diameter,andjettotaltem-

peratureusedby meansoftheexpressim(pj/po)O” 57 (vj/vo) 0“ ‘o

Thesameprocedureisthenemployedforccmrelationofthepenetration
coefficientwithdensit-yratioandvelocityratiowiththesameorifice
diamet=attheotherrakepositions.

o
As a resultofthesecorrelations,itwasfoundthatthepenetra-

tioncoefficientcouldbe correlatedby an expressimhavingthesame
exponentsforallthreerakepositions(constantvaluesof s/Dj)as
showninfigure5. Thecurveobtsdnedforeachrakepositionshowsthe
effectthatthemi@ng distanceto diameterratiohascmthepenetration
coefficient;itseffectisdeterminedbyplottingtheslopesofthe
linesasfunctionsofthedxinn distanceto diameterratio(fig.6)and
expressingtherelationasfollows:

~2 = ~3 (S/Dcl)O”26 (3)

If ~~ isthensubstitutedin equation(2),allthedatafc?rthe
O.385-inch-diameterorificeanda jettotaltenqjeratureof860°R can
be correlatedusingtheexpressicm

(Pj/Po)0”57(vj/vo)O”M (s/Dj)0”26

i .,
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A furtherrefinementofthisparamet=,whichresultsinbettercorrela-
tionofthedata,wasachievedby thesubstitutionoftheeffectivedia-
meterJijD~fortheactualdiameta D?. Thefinal.prsmeterforthe
0.385-&ch%kmeterorificeat a jetto%altemperatureof860°R
(fig.7) istherefore

* (P3/Po)0”57(v3/vo)0”64(w~J0”26

Thedatafortheotherorificediameterswerecorrelatedby the
foregoingprocedureanddmilarcorrelationparmetereresulted.The
valueoftheexponentsofthedensityratioandthevelocityratio,how-
ever,decreasedwithdecreastigdiameterindicatinganeffectofwidth
coefficientw/Dj. Thevariationoftheseexponentswiththewidth
coefficient(fig.8)indicatesthattheexponentsbecomeasymptotictoa
finitevalueforhighwidthcoefficients.Theexponentoftheratioof
themixingdistsncetotheeffectivediameters/[~j wasfoundtobe
a constantforallMsmetes.

The~orrelationofthedataobtainedatvariousdiametersmaybe
accomplishedbyplotttithepenetratimcoefficientasa functionof

thep==etf= (Pj/Po)a(v,j/vo)b,(S/IDj)0”26(fig.7)andusingthe
particularexponeiltsthatapply.Thefo~ Mnes obtainedrepresentthe
variouswidthcoefficientsandfurthercorrelationisobtainedby plot-
tingtheslopesoftheselines~3 asa functionofthewidthcoeffi-

cientas showninfigure9 fora jettotaltemperatureof860°R.

Itis evidentthatthecorrelationparameter93 ticreasestith
increasingwidthcoefficientandthatitbecomesasymtotictoa finite
vslueof ~ atthehigherwidthcoefficients.Therefme, ~ Csmnot
be readilyexpressed.as a simplepowerfunction.Thesameresultcanbe
‘obtatiedbyuseofthecurveplottedfor Tj/To= 1.63 infigure9.
Theover-alJparameterforfinalcorrelationofallorificediametersat
allrakestationsinvestigatedandonejettotaltemperature’is

Vs (pj/po)a (vJ/vo)b

whichresultsina 13ne=variationwith
showninfigure10.

(s/@DJ)0”26
penetrationcoefficientas

. ..... ...-— .— — —— .— 1
— _——
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A similaranalysisoftheotherjettemperaturesyieldedtheiden-
ticalrelationsfortheexponentsofdensityratio,velocityratio,and .
ratioofmixingdistanceto effe@ivediameter.Theterm CP3,howev~~

wasslightlyaffectedlyjettotaltemperature(fig.9)andthethree
curvesof ~. givenasfunctionsofwidthcoefficientobtainedforthe
threetemperakresshowthat ~ decreasesslightlywithdecreasingjet
total.temperature.Thisvariationof ~3 withjettotaltemperature m
indicatesthatthepreviouslyneglectedtiscosity-ratioparameterPj/lJo

Fortherangeoft~emtures investigated,the
&

hasa smslleffect.
viscosityd airispropmtionalto a poweroftheabsolutetemperature.
Theviscosityratioistherefaeequaltothetemperatureratio Tj/To
toa mowerandforco?iveniencethecm’vesareidentifiedbythetempera-
ture~atioTj/To infigure
me 9 and’thesameexponents
ssmefinalcorrelationcurve
othertwojettemperatures.

10. Whenthevaluesof W3 showninfig-
forthereminingparametersareused,the
showninfigure10 is obtainedforthe .

co~ela,tiond PenetrationCoefficientX#[~j

ThepenetrationcoefficientX~~~j wascorrekkedwiththe
parametersbymeansofthepreviouslydescribedmethod.Thefinalcor-
relationpameter

~4 (Pj/Po)d(vj/vo)e

wf~~ )f

wasobtainedasa resultofthiscorrelation.Theexponentd ofthe
densityratiowasfoundtobe a functionofthemixingdistanceto dia-
meterratioforconstantvaluesofwidthcoefficientas showninfig-
ure~. Thevelocity-ratioexponente vsriedonlyasa functionof -
thewidthcoefficientas showninfigure12. Theexponentf ofthe
ratioofthem-g distanceto effectivediameterandtheterm T4

showninfigures13and14,respectively,arefunctionsofthewidth
coefficientforconstsatvaluesofthetemperalameratio.

Thecorrelationcurveofpenetrationcoefficientasa functionof
thefinalparameteris showpinfigure15. Muchofthescatterinfig-
ure16resultsfromthedifficultyindetermmn X2 fromthetem-
peratureprofil.es,particularlyforthesmall-diameterjetsatthe
middleandrearmostrakepositions.Inmostinstances,theactual
valuesof X2 aresosmall(1in..)thatsmdlldifferenceinreadingthe
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temperatureandfairingtheprofilesresultedin errorsashighas
20percentin X2. Severslsetsofdataweretakenunderthesamecon-
ditionsto determinethereproducibilityofthedata.Althoughthepro-
filesweresimilar,partic~ly intheumer re@on (~ and Xl),
thevaluesof X2 variedabout10percentbecauseoftheinstabilityof
thejetinthelowerregion.Althoughtheseerrorsin X2 arelarge
percentagewise,theactualerrorintheover-allprofileshouldnotpre-
cludeitspracticaluseflilness.“

CorrelationofSlope~Coefficients

Inpreviousdiscussionoftheprofilecharacteristics,itwas
notedthattheupperandlowerslopesoftheprofileswereindependent
ofjet-pressureratioforpressureratiosgreaterthan1.87. Theslopes
=e thereforeindependentofdensityratioyanditseffectneednotbe
consideredintheanalysis.Inaddition,becausethejetsarechoked,
thejetvelocityis constantfcma givenjettotsltemperatureand,
hence,thevelocityratioisconstantfora particulartunnelvelocity.
AUlthedataobtainedat onerakestationfora singlejetdiameixm, jet
totaltemperature,andfree-streamvelocitymaythereforebe represented
by a singlevalue.FYoceedingwiththeanalysisfromthispointleads

tothefinalcorrelationparame‘~ (Vj/Vo)OO65 (s/Dj) (W/Dj) forthe
upper-slopecoefficientMu (Tj-To)/Djas showninfigure16. The
finalcorrelationparameterforl~er slopecoefficient~ (Tj-To)/Dd

wasf-d tobe (s/Dj)1”25 (Vj/Vo)0”53as sh~ b figure17.

CorrelationofMaximzmTemperatureRiseCoefficient

Inthepreviousdiscussion& profilecharacteristics,theta-
peratureriseata givenrakestationwasshowntobe nearlyindependent
ofjet-pressureratiofora particularjetMameter,jettemperature,
andfree-streamvelocity.Thetemperaturerisedecreasesslightlywith
decreasingpressureratio(fig.2(a)). Becausetheflowcoefficient
alsodecreasesslightlywithdecreasingpressureratio~reference3),
thecoefficientWC (Tj-To) wasinvestigatedsndfoundtobe inde-
pendentofdensityratio;itwastherefore.cmzrelatedwiththeremaining
parameters.A furthershqlificationoftheanalysisresultedwhenit
WaS foundthat @C (Tj-To) wasindependentd velocityratioata

“particularrakestationandjettemperature.A plotof AT#C (Tj‘T())
wasthereforemadeasa functionofthemixm distanceto diameter

——— ...— ..— — — . . . . .——
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ratio s/Dj andanindependentcurvewasobtainedforeachjetdia-
meter.Furthersnalysisofthesedatashowedthatifthecoefficient
WC (Tj-To)wasmultipliedby thewidthcoefficient(w/Dj),a
singlecurvewasobtainedforsJljettemperaturesas showninfig-
ure18. Themaxhum /[mj (Tj-%)1temperature-risecoefficientATmw
isthereforea functiononlyofthemLdng distsmceto diameterratio.

ComparisonofCalculatedandExperimentalProfiles

me correlationofthepenetrations,slopes,andmaximumtempera-
turerisewiththeflowandgeometricparameterspresentedinthefore-
goingdiscussionprovidesa meansfa obtaininganapproximationofthe
temperatureprofile.

A nuuiberofprofileswerecalculated,basedontheexperimental
conditions,andccmpsredwiththeactualprofiles.Sametypicalresults\ areshowninfigure19. A studyofthesefiguresshowsthatthepene-
trationXl, theupperslope~, andthetemperaturerise ~ are
h satisfactoryagreementwiththeexperimentalprofile.Thepenetra-
tion X2 andthelowerslope~ showlesserageementbecause,as
previouslymentioned,goodreproducibilityofthesedatais clifficultto
obtain● Ingeneral,however,theapprmdmatesolutionis in goodagree-
mentwiththeexperimental.dataandprovidesa reasonablysimplemethod
forobtaintngthetanperatureprofile.

Althoughtheresultspresentedinthisreportareforpressure
ratiosgreaterthanthechokingvalueof1.87,theinvestigation
includeddataatpressureratiosbelow1.87.Thesedataarenotshown
inthecurvesbecauseofthemethodofcorrel.aticmused.An analysis
ofthelimitedtitsobtainedatthelowerpressureratioshasshown
thatby usingthemethodpresentedherein,reasonablygoodagreement
wasobtainedbetweenthecalcnib%tedandexperimentalprofilesfora
rangeofjet-pressureratiosfrom1.2to1.87.A typicalexampleis ‘
showninfigure20.

Boundary-lsyerremovalwasemployedthroughouttheinvestigation;
thereforetheeffectofboundary-layerthicknessonthetemperaturepro-
filewasnotdetermined.Formostpracticalapplications,however,it
isprobablethattheeffectofboundary-lsyerthicknessonthetempera-
tureprofileis qdte sma3Landneednotbe considered.

,

EXTRIPOIATIONOFRESUEl?STOW13ElRRANGE(R?VARlilBIJZS

d
R

.’

.

Theusefulnessofthecorrelatimspreviouslygivenisrestricted
primarilyby therangeofvariablesinvestigated.Itmaybe possible,
however,toutilizetheresultsgivenoutsidetherangeofvariables
tivestigatedandobtainreasonablygoodresults.
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Formostpractical
methodresultsfrcmthe

applications~
Umitedrange

gated.It shouldbe obviousthatthe

thegreatestrestricticmofthe
ofwidthcoefficientsinvesti-
effectof

thecorrelationparametersshoulddecreasewith
widthcoefficientandfinsllybecomenegld.gible
unrestricted.

Forexsmple,witha freejettheimportant
widthofthejetboundaryratherthanthewidth

widthcoefficienton
@creasingvaluesof
fora jetexpanding

dimensionwouldbe the
ofa duct. H the

widthofthejetbounds&atthepointoftiterestcanbe determined,it
shouldbe possibletousea widthcoefficientbasedonthejetwidth
to determinethetemperatureprofile.

Althoughno dataareavailableonthespreadingcharacteristicsof
jetsdirectedperpendicularlyto anairstream,therearesomedatab
theliteratureonthespreadingcharacteristicsofjetsdirectedparal-
leltoanairstream.Becausea jetdirectedperpendicularlyisturned
veryrapidlybytheairstream,theexpansionofa perpendicularly
directedjetprobablycloselyapproximatesthatofa jetdirectedpszal-
lelto anairstream.~ thisassumptionismade,thespreadingcharac-

‘teristicsofa jetdirectedperpendicularlytoan airstreamcanbe
calculatedby themethodofreferenae4. Theresultsofreference4
werebasedontheturbulentmixhg ofan incompressiblefluid.

Thewidthofthejetboundary,asdeterminedin-reference4, is
themomentumwidthratherthanthethermalwidth.,Thethermalwidth,
however,canbe s~ly obtainedfromturbulent-mss andheat-exchange
considerations,whereintheratioofthermslwidthtomomentumwidth
hasbeenfoundto equal@ (reference5). Thethermale&ansionofa
freejet,calculatedonthisbasis,is showninfigure21wherethejet
widthcoefficientw/Dj isshownasa functionofmixingdistanceto
diameterratio s/Dj forseveralvelocityratios.

Beforecalculatingthevariousp~ametersnecessaryforobtaining
thetemperatureprofile,itisadvisabletofirstdeterminethejet
widthcoefficientatthepointin question.If,fortheproblembetig
considered,thejetwidthcoefficientasdeterminedfrom-f%gure21is
greaterthantheductwidthcoefficient,theductwidthcoefficientis
the@ortant parsmeter.Ifthejetwidthcoefficientislessthanthe
ductwidthcoefficient,thejetisrelativelyunrestrictedandthejet
widthcoefficientbecomesthe@ortant parameterandshouldbe usedin
thecalculations.

-. . -— -—. .. ——— — .___— .——
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CONCLUDINGREMARKS

A methodthatprovidesa reasmablysimplemeansofobtainingthe
appro-te temperateprofiledownstreamofa heated-airjetdirected
Pqen~~WIY toanairstreamhasbeenpresented.Thesolutionis
presentedfitermsofMmensionlessparametersoftheflowandthegeo-
metriccmditions.

LewisFlightPropulsionLaboratory
NationalAdvisoryCcmmitteefm Aeronautics

Cleveland,Ohio,April30,1951
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(a)T-@cal profilesobtainedat 11.81-inch* 6kti0n fw varlcuajetpre.snra ratim. OrMice
dlmeti, 0.305imh~ jettotaltmqmratnru,860°RJ fre8-Otremvelocity,W feetper second)

free-st- tutsl tuqF173tme, 519° RJ free-dream etatio pressure, 25.20 inches of mrcury.

Flg.me 2. - Typicaltemperature profileo and gmerdizatlm of proffiea.
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(b)Generalizationof profilesdmvlng penetrationsXl and X2, E&o. ~ and N~, end
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Flgme 2. - Concluded.Typicalt&pcmture profilesmd gm.erallzs.tion of profiles.
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